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EXECUTI VE SUMMARY

This report describes a preliminary research effort to modify whole effluent tofi¢Ey’) testing
protocols designed for continuous flow discharges for application to episodic and/or ephemeral
discharges such as those associated with storm water runoff. The effort was undertaken in response
to a Naval Base San Diego industrial stormwalational Pollutant Discharge Elimination System
(NPDES) permitiR9-20130064) condition that allows the Navy to assess and proposaaiitee
testing parameter s. Th iwascondystedvas dosdorrNaval Base Sah ( a't
Diegobyerm i r onment al t oxi Spadearg Naval Warfare Systeme CeNtar Vacifics
(SSC Pacific)

The technical approach taken was to modify the WET testing method to simulate a range of
exposure conditions found at the esfepipe. The test conditi@matrix included: acute and chronic
endpoints with commonly used test organisms; copper, zinc, and a combination of the two toxicants
at various concentrations found to cause toxicity under standard WET testing; artdrshort
exposure conditions represieny the50", 75", and 9% percentile historical rainfall durations
observed in San Diego over the past 55 years. The initial testing culminated in its application to
multiple stormwater samples collected from Naval Base San Diego outfalls durindeargingevent
in March 2016. All testing was conducted concurrently with standard test method durations for
comparison.

Chronic toxicity tests witlpurple sea urchinSgrongylocentrotus purpuratuenbryos and acute
toxicity testswith themysid shrimp Americamysis bahjawere performed using standard
Environmental Protection Agency (EPA)-86 continuous exposures alongsmésed exposuresf
3, 6 and 1zhr toxicant exposures, followed by transfer to uncontaminated seawater for the remainder
of the 96 In. Copper zincand a combination of the two were tested at concentrations ranging from
5.8 to 3,200 ug/L and 20 to 20,880 ug/L for copper and zinc, respectively. Copper and zinc were
selected as these are commonly elevated constituents and often thef texiséy in stormwater at
San Diego Naval Bases (Katz et al. 2006) and otherMiory stormwater discharges (Kayhanian et
al. 2008). Additionally, stormwater samples collected from Naval Base San Diego were tested in a
similar manner using the standandd modified EPA methods.

Toxicity tests with single and mixed metals, and stormwater samples, resulted in progressively
lower toxicity with reduced contact time to the sample when compared to standard shatic 96
exposures. The effect was more pron@ehfor zinc than copper for both test species. Median
effective concentrations (EC50) ranged from a factor of 2 to 186 higher (less toxic) under the pulsed
conditions relative to the standard-B6exposure. Stormwater samples collected from NBSD
consistedf a wide range of copper and zinc concentrations. As with the copper and zinc tests, the
stormwater results also showed a consistent progressively lower toxicity with reduced contact time to
the sample.

The results of this study showed that modifyiransiard WET test methods is a feasible approach
to accurately access shoerm exposure conditions. The tests, which were conducted over a range of
realistic conditions for both a chronic and acute endpoint presented consistent results lending
confidencem their application. All the tests displayed a significant progressive reduction in toxicity
with decreasing exposure time. The toxicity determined with standand €étic tests overestimated
that of shorterm exposures over a wide range (<1 to 2 ardémagnitude) depending on the
exposure duration, toxicant, and endpoint evaluated. The implication is that exposure duration is as
critical a testing condition as the exposure concentration when evaluating toxicity. Although the test
procedures focusexmh exposure conditions likely to occur at the -efighipe, those conditions are



still conservative in comparison to actual exposures that occur once the stormwater is discharged to,
and mixes with, receiving waters. Though these initial results are Ipgiyising, additional testing

and evaluation is required prior to implementation of a pbésed methodology for compliance

testing.

Vi
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1. INTRODUCTION

This report describes a preliminary research effort to matltigle Effluent Toxicity(WET)
testing protocols designed for continuous flow discharges for application to episodic and/or
ephemeral discharges such as those associated with storm waterTa@aésearch for this report
was conducteth response to a Naval Base San Diego (NBi&Dustrial National Pollutant
Discharge Elimination System (NPDES) permit (PefR820130064) condition that allows the
Navy to assess an alternative approach to evaluating stormwater discharges and propose alternative
toxicity testing parameters. Cent compliance requirements for San Diego Navy installations apply
standard acute (lethal) WET testing to fillsish stormwater collected directly from the ewfepipe.
The Navyodos permits indicate that tdnie(subletmahy be a
WET testing in future permits. These requiremen
guidance document (SWRCB, 2012) that applies WET testing to effluents once they are fully mixed
in receiving waters. While the Navy suppotiattapproach and has considerable scientific data that
warrant setting the poitf-compliance in receiving waters, the Regional Water Quality Control
Board (RWQCB), San Diedaas mandated eruf-pipe testing with no consideration for mixing.
Thus, this reearch effort focused on developing methods that could be applied-td-pipue:
samples while addressing more realistic exposure conditions generated by these types of episodic
shortlived discharges.

The underlying rationale for addressing a modificato the standard WET protocol is that
standard WET testing protocols expose test organisms for substantially longer periods of time (48
hours to 7 days) than the discharges themselves are present atdfigiged(almost always less
than 24 hours). Thieypothesis is that this approach significantly overestimates the potential toxic
impact. If applied properly, a modification to generate more realistic exposure conditicstsl
provide an appropriate level of protectigrarticularly given that thexposure at the eradf-pipe will
be further reduced once it mixes in the receiving environment.

This research was conducted20152016by environmental toxicologists at the Név
Information Warfare Center Pacifibl{WC Pacific). The report describes thackground and
rationale for theesearchresults of laboratory and stormwater testing, and a discussion of, and
recommendations for, additional method development to ensure the efficacy of these methods in
future compliance monitoring.

1.1 BACKGROUND

Toxicity testing for compliance monitoring of industrial storm water discharges was first
introduced by the RWQCB, San Diego in 1997 and applied to Navy pern@ai@®hAt that time
stormwater monitoring required that faffish (first hour of flow)endof-pipe samples meet a 90%
survival 50% of the time, and 70% survival 90% of the time, requirement. As part of the permit
conditions, the Navy undertook an extensive assessment of stormwater runoff chemistry and toxicity
from its facilities discharging o San Di ego Bay starting in 2002.
al., 2006) showed that while stormwater was acutely toxi@0%c0f samples, caused primarily by
copper and zinc, receiving waters were found to betawic for acute and chronicdts 100 and
98% of the time, respectively. The Navy concluded that toxicity testing at thef-gmole
overestimated the toxic impacts found in receiving waters because the testing did not take into
account the exposure conditions found there. The Nawmmeended that future testing be
conducted in receiving wateos by adjusting end of pipe tests for mixiogshorter toxicity testing
durationsto provide a more accurate prediction of the toxic effect. The RWQCB, San Diego did not
agree with this approhgstating that they were required to monitor the discharge.



Several iterations of the toxicity requirements were promulgated in the ensuing years in other
industrial NPDES permits. The California State Water Resources Control Board developed a draft
toxicity guidance that applied chronic WET testing to samples fully mixed in receiving waters
(SWRCB, 2012). However, the guidance provided a caveat that allowed regional boards to apply the
exact same testing on 100% effluent samples. The outcome is thaNRB®BS permits since 2013
require acute WET tests on eafipipe samples with the potential for eventually applying chronic
tests in the same way. The permits also allowed the Navyawealeate alternative approaches to
testing including addressing thdef mixing in receiving waters.

1.2 TECHNICAL APPROACH

The technical approach taken in this study was to modify the WET testing method to simulate a
range of exposure conditions found at the-efidipe. The range of conditions was derived from
historical ran duration data, industrial stormwater runoff data associated with San Diego Naval
Facilities, and toxicological test results evaluated for various organisms and endpoints. The test
conditions matrix included: an acute and chronic endpoint for sengi@ages typically used for
toxicity evaluations; copper, zinc, and a combination of the two toxicants at various concentrations
found to cause toxicity under standard WET testing; and-séont pulsed exposure conditions
representing the 80 75", and 9% percentile historical rainfall durations observed in San Diego over
the past 55 years. The initial testing culminated in its application to multiple stormwater samples
collected from Naval Base San Diego outfalls during a single rain event in MarchA0Esting
was conducted concurrently with standard test method durations for comparison.



2. MATERIALS AND METHOD S

2.1 SELECTION OF PULSED EXPOSURE DURATIONS

Experimental pulsedxposue times were derived from a National Oceanic and Atmospheric
Administration database &an Diego International Airporainfall recorded ovethe 55-year period
bet ween 1951 and 2006. The dataset inclswaetled 2, 2
on an hourly basis. The total number of hours measured each day were tabulated and assessed for
their cumulative probabilities. These results are showsgare 21. The50th, 75th, and 95th
percentilerainfall durations of 3, 6 and 12 hours, regpety were chosen to span the range of
reasonable testing conditions. Runoff durations are observed to be virtually the same as rainfall
durations at Navy facilities because the drainages there are relatively small with a high percentage of
impervious suiaces. An example of this rainfalinoff relationship is shown iRigure2-2 for a
recent storm event at NBSD.

100% - P B L I e o
90% - 0 (R
_. 80% - ] 0
g 0
> 70% - '
B 60% -
2 50th
& 50% -
p ——75th
2 40% -
kS ——95th
E 30% - .
5 ¢ rainfall
© 20% -
10% -
0% < T T T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20 22 24
Rainfall Duration (hr)
Figure2-1.Cumul ati ve frequency of rainfall duration ov

recorded between 1951 and 2006 (N= 2,284). The 50", 75" and 95" percentiles were used to
derive the pulsed exposure regimes for this study.
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Figure 2-2. Example of rainfall and runoff during a storm event measured at NBSD Outfall 73
(parking area) showing runoff and rainfall durations are virtually the same.

The pulsed exposure experimental design was modified from standard USEPA methods (USEPA
1995, 2002a) and is showraghically inFigure2-3. Stamard testing with reference toxicant
materials or effluent samples typically requires the exposure of the test population to the undiluted
sample under a static or statenewal (replacement of test solution at one or more time points with
the samestoredtest solution) conditions for the duration of the experimeiodifications to this
testing regime were made so that the organism exposures to either the reference toxicants (in this
case copper or zinc, or both) or the effluent samples (stormwaterna€eeat the beginning of the
exposure period followed by transferNéWC Pacificlaboratory dilution wateryncontaminated
0.45 umfiltered seawater (FSW) collected near the mouth of San Diegpf@atyne remainder of
the testThis exposure design ensdrthat all testing was conducted for the full#&luration of the
standard WET test.



3 Hour

93 Hour0.45umFiltered Seawater Exposure
Exposure

6 Hour

90 Hour 0.45um Filtered Seawater Exposure
Exposure

12 Hour
Exposure

84 Hour0.45um Filtered Seawater Exposure

96 Hour
Exposure

Figure 2-3. Pulsed exposure experimental design.

2.2 SELECTION OF TEST ORGANISMS

The toxicity testing species for this diuwere selected because they are perahitvant species
representing both acute and chronic endpoints (USEPA 1995, 2002a). The test species included
opossum (mysid) shrim@fA(hericamysis bah)aand purple sea urchinStfongylocentrotus
purpuratug. The est endpoints included 9& survival and 96r embryelarval development for
mysids and sea urchins, respectively.

2.3 TEST MATERIAL
2.3.1 Selection of Stock Solutions

All test dilutions were made usiigWC Pacificlaboratory filtered seawater (0.45 um FSW
colleded from the mouth of San Diego Bay, CA). Test concentrations were prdyavetlimetric
addition ofreagent gradeopper and/or zinc stocks directly into FSW. All stock solutions and test
concentrations were stgampled for verification and were analyzed by State of California
Environmental Laboratory Accreditation Program (ELAP) certified laboratories, includhey eit
EnviroMatrix Analytical, Inc. (EMA) in San Diego, CA or Weck Laboratories (Weck), in the City of
Industry, CA using USEPA method 6010 or by USEPA method 1640, respectively (USEPA 2007,
1996).

Analytical methods, method detection limits and reportingté for copper and zinc are provided
in Table2-1.



Table 2-1. Analytical Methods, Detection and Reporting Limits for Copper and Zinc.

Study Type Analyte Test Method MR a5 Laboratory
(Mo/L) (Mo/L)
. NIWC
Stormwater Copper ICP-MS; EPA 1640 0.007 0.02 o
Pacific
Stormwater Zinc ICP-MS; EPA 1640 0.23 0.77 NIWC
Pacific
Mixed Metal Copper ICP-MS; EPA 1640 0.004 0.01 Weck
Single & Mixed Zinc ICP-MS; EPA 1640 0.04 0.20 Weck
Metal
Single Metal Copper and Zinc ICP—%E% EPA 2 100 EMA

MDL i Method detection limit
RL 7 Reporting limit

* Note that the MDL and RL can change based on the dilution made for a given sample. See Appendix A through C
for analytical reports from the laboratories.

Table2-2 summarizes the experimental design and copper (Cu) and zinc (Zn) test concentrations
that were tested for each species and pulse duration in single metal pulsed toxicity exposures. These
concentrations were sel ect edefbiansdei dn goon erxepseurlitnse nft
similar test methods, values found in pezriewed literature and historical laboratory results
generated atllWC Pacific Concentrations were established in order to elicit a dose response in the
species tested over the shexposure periods. Laboratory controls (uncontaminated 0.45 um FSW
from the mouth of San Diego Bay) were conducted concurrently for all experiments.

The mixed metal (copper and zinc) portion of this study was conducted only for the mysid acute
survival tes. It was assumed that Cu and Zn would contribute equally to the total toxicity due to
similar mechanism of toxicityBellas et al. 2008). Using the Philips et al. (2003) Toxic Unit (TU)
method (TU= concentration divided by kdLsingle metal TU were cordgred a baseline, yielding
TUs of 1. Using data generated from the single metal pulsed and static exposures, exposure
concentrations for the mixed metal exposure were determined. Half of a TU for both Cu and Zn as
determined from the single metal exposwesused as the basis concentration for the mixed metal
exposure. Assuming equal contribution from Cu anddZ®,TUcy + 0.5 TUz, should elicit the same
toxic response as each metal did individually at one TU darbnsure that a dose response was
obsened, additional concentrations above and below the comBisetlc, + 0.5 T, were
included.

For the stormwater samples, the highest concentration tested for the echinodermlamakyo
development test was 64%, due to the addition of hypersaline bi8&) o bring the final salinity
to 34 partgperthousand (ppt) (USEPA 1995). For the mysid survival test, stormvateyls
salinity wasincreased to 34 + 2 pply the addition of synthetic sea salts (Crystal Sea Marine Mix®)
(USEPA 2002a), resulting imaundiluted stormwater sample. Concurrent brine and salt controls
were tested for the embnrfarval development and mysid survival test, respectively.



Table 2-2. Experimental Design, Test Concentrations and Testing Dates for Static and Pulsed

Exposures.
Test Exposure
Test Initiation Test Species Duration Nominal Test Concentrations
Date (hr)
15 Nov 96 (Static) 0,5.8,8.4,12,17.2, 24, 31.3 pg/L
2015 S. purpuratus
Copper 3,6,&12 0, 31.3, 62.5, 125, 250, 500 ug/L
Exposures
96 (Static) 0, 50, 100, 200, 400, 800 pg/L
28 Oct 2015 A. bahia
3,6,&12 0, 200, 400, 800, 1600, 3200 pg/L
96 (Static) 0, 20, 40, 80, 160, 320 pg/L
25 Mar 2016 | S. purpuratus
Zinc 3,6,&12 0, 1280, 2560, 5120, 10240, 20480 pg/L
Exposures
96 (Static) 0, 125, 250, 500, 1000, 2000 pg/L
10 Dec A. bahia
2015 ' 0, 500, 1000, 2000, 4000, 8000, 16000
3,6,&12 ug/L
. Cu: 16.9, 33.8, 67.6, 135, 270 pg/L
96 (Static) Zn: 63.8, 128, 255, 510, 1020 pg/L
Cu: 184,369,738, 1475, 2950 pg/L
Mixed 3 Zn: 1305, 2610, 5220, 10440, 20880
Metals 29 Apr 2016 A. bahia ug/L
Exposures 6 Cu: 99.4, 199, 398, 795, 1590 ug/L
Zn: 489, 979, 1957, 3914, 7828 ug/L
12 Cu: 30.0, 59.9, 120, 240.6, 479 pg/L
Zn: 258, 515, 1030, 2060, 4120 ug/L
96 (Static) 64%*
S. purpuratus
3,6,&12 64%*
SEt)‘fggS":’J?;ir 8 Mar 2016 :
96 (Static) 100%
A. bahia
3,6,&12 100%

* Highest concentration tested due to the addition of hypersaline brine to adjust salinity to 34 ppt.




2.3.2 Stormwater Sample Collection

Stormwater samples consisted of runoff grab samples collected from industrial areas in Naval Base
San Diego (NBSD) on March 7th, 2016 MiWC Pacificpersonnel. Precipitation prior to and during
the collection period was approximatelytasur. Samples were collected in 1 L HDPE cubitainers
and hand carried in insulated coolers with blue ice toNINEC PacificBioassay Laboratory. Sample
collection and receipt times are summarizedable2-3. Copies of chain of custody forms are
providedin AppendixC. Water quality parameters including ptissolved oxygen (DO}xalinity
and temperature were measuim@thediately upon receipt at the Bioassay Lab jmak to testing.
Additionally, total and dissolved copper and zinc were analyzed in the stormwater sartgasean
by NIWC Pacific(ICP-MS; USEPA 1996Table2-1).

Table 2-3. Collection and Receipt Times of Stormwater Samples from NBSD

SEmpe Sample Receipt

Station 1D Matrix Type Collection .

. Date/Time
Date/Time

Outfall 73 Stormwater Grab 3/7/2016 1045 3/7/2016 1130
Pier 10 Influent Stormwater Grab 3/7/2016 0935 3/7/2016 1130
Pier 10 Effluent | Stormwater Grab 3/7/2016 0943 3/7/2016 1130
Pier 13 Base Stormwater Grab 3/7/2016 0853 3/7/2016 1130
Pier 13 Mid Stormwater Grab 3/7/2016 0902 3/7/2016 1130
Pier 13 End Stormwater Grab 3/7/2016 0916 3/7/2016 1130




2.4 CHRONIC TOXICITY TEST METHODS

As determined by the rainfalistory observedHigure2-1), chronic testing was conducted using
modified standard USEPA methods (USEPA 19B4hle2-4) to conservatively estimate stormwater
scenarioghat are likely to be observed at the erigbipe. The purple sea urchin embiigoval
development tests were conducte@%um Nitex screen polycarbonate tulpgaced in 400 mlhigh
density polyethylene (HPDE) tdorner beakers at 15 + 1 °C. Followithg pulsed exposure
duration, screen tubeBigure2-4 andFigure2-5) were removed frormetalor stormwater
containing solutionggently rinsed with FSW, and placedarcleantri-corner beakers containing
FSW for the remainder diie 96hr test periodAs a quality control measute ensure that the
transfer methods did noegatively impact thembryosa set ofab controls underwent transéess
well. At the end of the exposure period, the contents of the screenntateggentlyrinsed with FSW
into 30 mL scintillation vials and preserved with 1 mL of 10% buffered formalin in seawater. The
tests were then evaluated for normal larval development on an inverted microscope at 100x
magnification. Statistical analys¢o calculate median effective concetitnas and confidence
intervals were conducted with the statistical software Comprehensive Environmental Toxicity
Information System (CETIS) v1.8.7.16idepool 2@.2). Stormwateidatawasanalyzed usig the
Test of Significant Toxicity (TST) procedute ddgermine if there were significant differences
relative to the controlsTST methods examine whether the results of a given sample relative to its
respective control differs by an a priori prescribed amount rather than whether they are the same, as
in traditional hypothesis testing)SEPA 2010) For the sea urchin test, the a priori critical percent
difference is set at 25%.

Figure 2-4. Test set up for sea urchin embryo exposures.

Standard water quality measurements (DO, temperature, salinity and pH) were monitored daily.
Concurrent reference toxicant tests using either Cu or Zn, as appropriate, were conducted as a quality
control measure to assess the health of the organismscéinittd performance of the methddest
specificationgan be found imable2-4.
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Figure 2-5. Generalized diagram comparing static 96-hr exposure and pulsed exposures
during which test organisms were transferred from test solution (red) to uncontaminated
seawater (blue) at designated time.
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Table 2-4. Purple Sea Urchin Embryo-Larval Development Toxicity Test Specifications

Test organism

Strongylocentrotus purpuratus (purple sea urchin)

Test organism source

Field collected off of Point Loma, San Diego, CA

Test endpoints

96 hr Embryo-Larval Development Success (Proportion Normal)

Test solution renewal

None

Feeding

None

Test Chamber size/type

Pulsed Exposures: 400 mL polyethylene (HDPE) tri-corner containers with
polycarbonate screen tubes with 25 um mesh
Static Exposures: 30 mL scintillation vial

Test solution volume

Pulsed Exposures: 250 mL
Static Exposures: 10 mL

Test temperature 15x1°C
Test salinity 34 £ 2 ppt
Light quality Ambient laboratory illumination

Light intensity

10-20 pE/m?/s (Ambient laboratory levels)

Photoperiod

16 hr light/ 8 hr dark

Aeration

None.

No. of organisms per
chamber

250 eggs, appropriate sperm density to provide > 90% fertilization success
(determined in a pre-test trial).

No. of replicates

4or5

Dilution water

Filtered (0.45 pum) natural seawater collected from near the mouth of San
Diego Bay at NIWC Pacific Laboratory

Test duration

Exposure for 3, 6, or 12 hr followed by exposure to clean 0.45 um filtered
seawater for the remainder of the 96 hr test period

Test acceptability
criteria

O 80% normal development in surviyv

< 25% Minimum Significant Difference (MSD)

Reference toxicant

Copper sulfate
Zinc Sulfate

Test protocol

EPA 600/R-95/136 (USEPA 1995), ASTM E1563-98 (2012)
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2.5 ACUTE TOXICITY TEST METHODS

Similar to the chronic tests, acute testing was conducted using modified standard USEPA methods
(USEPA 2002aTable2-5) to conservatively estimate stormwaseenarioghat are likely to be
observed at the eraf-pipe based on the historical rainfall daég(re2-1). Mysid exposures were
conducted in 500 mL disposable plastic cups at 20C. Following pulsed exposusemysidswere
carefully poured onto aB0-um Nitex screen and thoroughly rinsed with FSW. Mysids were then
rinsed gently into new clean plastic cups containing FSW for the remainder of the exposure period.
As a quality control measute ensure that thigansfer methods did noegatively impact the
mysids a set ofab controls underwent trans$aas well. Statistical analyséo calculate median
lethalconcentrations and confidence intervals were conducted with the statistical software CETIS
(Tidepool 2012)Stormwatedatawasanalyzed usinghe TST proceduréo determine if there were
significant differences relative to the controls wile acutea priori critical percent difference set at
10% (USEPA 2010).

Daily survival counts in each riigate were conducted and standard water quality measurements
(DO, temperature, salinity and pH) were monitored daily. Concurrent reference toxicant tests using
either copper or zinc when appropriate were conducted as a quality control measure toeassess th
health of the organism3est specificationsan be found imable2-5.
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Table 2-5. Mysid Survival Toxicity Test Specifications

Test organism

Americamysis bahia (mysid shrimp)

Test organism source

Aquatic Research Organisms, Hampton, NH

Test endpoints

Survival

Test solution renewal

None

Feeding

Feed 40 newly hatched Artemia nauplii per larvae twice daily, morning and
evening

Test Chamber size/type

500 mL Plastic Cups

Test solution volume

5071 250 mL (dependent on exposure chamber volume)

Test temperature 20x1°C
Test salinity 34 + 2 ppt
Light quality Ambient laboratory illumination

Light intensity

10-20 pE/m?/s (Ambient laboratory levels)

Photoperiod

16 hr light/ 8 hr dark

Aeration

None, unless DO concentrations fall below 4.0 mg/L, then aerate all
chambers.

No. of organisms per
chamber

5

Age of test organism

5 days; 24 hr range in size

No. of replicates

4

Dilution water

Filtered (0.45 um) natural seawater (FSW) collected from near the mouth of
San Diego Bay at NIWC Pacific Laboratory

Test duration

Exposure for 3, 6, & 12 hr followed by transfer to clean 0.45 um filtered
seawater (FSW) for remainder of the 96 hr test period

Test acceptability criteria [O 90% sur vi val in control s
Reference toxicant C_opper sulfate
Zinc Sulfate

Test protocol

EPA 821/R-02/012 (USEPA 2002)
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3. RESULTS

Test results for all l ab controls met all t
development or O 90% survival f orllwateregualitye a ur
parameters measured were within the recommendedsforgbe duration of the testRaw test data
and bench water quality sheets are provided in Appenditdugh C

e
C

All data presented were deemed acceptable for reporting purposes. A few QA/QC deviations from
EPA and internal protocols occurred and were noted on raw data sheets. A thorough review of the
data and test procedures for the sea urchin erlaryal development tests and the mysid survival
tests did not identify any likely impacts on test results of these ti@saExplanations are provided
below, and a glossary of the qualifier codes used on the test datasheets is provided in Appendix

3.1 QA/QC
3.1.1 Single Metal Exposures

The 96hr static reference toxicant test for sea urchin emlagpal development that was run
conairrentlywith the Cu singleametal pulsed studglid notresult ina median effective concentration
(ECs0). The mean Cu E£svalue of 148 ug/L from three peer reviewed studies was used for
comparisons to pulsed exposures (literature bBSaglvalues: 14.8 pg/L: Arnold et al. 2010, 15.3
po/L: Phillips et al. 1995, 14.3 ug/L: Rosen et al. 2008; meagy ETC4.8 pg/L).

Table3-1 andTable3-2 summarize the nominal and verified copper and zinc concentrations that
were used in both the purple sehin embryearval development and the mysid survival tests,
respectively.
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Table 3-1. Summary of Nominal and Verified Copper Concentrations from Static and Pulsed

Exposures.

Exposure Duration

Nominal Copper

Verified Copper

Test Species (hr) Concentration Concentration?
(Hg/L) (HglL)
3,6,&12 0 ND
3,6,&12 31.3 15.0
3,6,&12 62.5 36.0
S. purpuratus
3,6,&12 125 81.0
3,6,&12 250 179
3,6,&12 500 367
3,6,&12
96 (Static) 0 ND
3,6,&12
96 (Static) 100 88.8
3,6,&12 200 —
A. bahia 96 (Static)
3,6,&12 100 -
96 (Static)
3,6,&12
96 (Static) 800 693
3,6,&12 1600 1390

2 USEPA method 6010 (EMA); ND=below method detection limit.




Table 3-2. Summary of Nominal and Verified Zinc Concentrations from Static and Pulsed

Exposures.
Exposure Duration Nominal Zinc Verified Zinc
Test Species P (hr) Concentration Concentration
(Hg/L) (Hg/L)®
3,6,&12
96 (Static) 0 6.1
96 (Static) 20 37
96 (Static) 40 63
96 (Static) 80 120
96 (Static) 160 220
S. purpuratus 96 (Static) 320 480
3,6,&12 1280 1900
3,6,&12 2560 3900
3,6,&12 5120 7700
3,6,&12 10240 15000
3,6,&12 20180 31000
3,6,&12
96 (Static) 0 13
96 (Static) 125 100
96 (Static) 250 180
3,6,&12
96 (Static) 500 398
: 3,6,&12
A. bahia 96 (Static) 1000 753
3,6,&12
96 (Static) 2000 1520
3,6,&12 4000 3280
3,6,&12 8000 5430
3,6,&12 16000 16700

2USEPA method 1640 (Weck) for S. purpuratus, USEPA method 6010 (EMA) for A. bahia.




3.1.2 Mixed Metal Exposures

For themysid survival test, concurrenttpnducted single metal (Cu & Zn) static exposures met
test acceptability criteria of 90% survival in the controls and thg L&lues generated for Cu and Zn
both were within acceptable historical and/or literature ra(ifeslie 3-6).

Table3-3 summarizes the nominal and verified concentrations of Cu and Zn in the mixed metal
exposures for each of the pulsed time exposures, as each pulsed exposure had unigque concentrations.

Table 3-3. Summary of Nominal and Verified Copper and Zinc Concentrations for Mysid survival

mixed metal static and pulsed exposures.

Pulse Duration Cu—Nomin_aI Cu—Verifigd Zn- Nomin_al Zn- Verifi(_ad
(hn) Concentration Concentration? Concentration Concentration?
(ug/L) (ug/L) (ug/L) (ug/L)
Laboratory 0 16 0 6.4
Control
184 190 1305 1800
369 350 2610 3900
3 738 880 5220 7400
1475 1500 10440 15000
2950 3100 20880 30000
99.4 99.0 489 850
199 200 979 1500
6 308 440 1957 2500
795 770 3914 5200
1590 1600 7828 11000
30 34 258 360
59.9 72.0 515 910
12 120 120 1030 1500
240 340 2060 3100
479 570 4120 5900
16.9 21.0 63.8 81.0
33.8 34.0 128 150
96 (Static) 67.6 71.0 255 320
135 140 510 860
270 280 1020 1600

2USEPA 1640 method (Weck)




3.1.3 Stormwater Exposures

All tests were conducted within the requiredi8&ur holding timeSamples were received within 3
hrs of collection and themperatures of the samples weutside ofthe EPA recommended range of
0-6 °C upon receipt at thdIWC Pacific Laboratory; however, samples were in a state of cooling
during transit, meeting ELAP requiremeramples were stored af@ in a refrigeratountil test
initiation.

Water quality panaeters upon receijptf stormwater samplest NIWC Pacificare summarized in
Table3-4 andAppendixC. Sample temperatures reflect that that the samples were brought to the lab
very quickly after collection. Totalnal Dissolved Cu and Zn concentrationstfoe stormwater
samples are shown fable3-5, along with thecalculated difference based on highest concentration
tested (64%) for sea urchin emb#lgoval development tests due to the addition of hypersaline brine.

Table 3-4. Water Quality Parameters Measured Upon Receipt at NIWC Pacific from
NBSD Stormwater Samples Collected on March 7, 2016.

Station/Sample Temp PlsElied pH Salinity
ID (°C) Ol (units) (ppt)
(mg/L)

Outfall 73 14.2 8.0 7.77 0.0
Pier 10 Influent 14.2 8.1 6.72 0.0
Pier 10 Effluent 14.2 8.2 7.27 0.1

Pier 13 Base 14.2 8.1 7.01 0.1
Pier 13 Mid 14.2 8.2 7.09 0.1
Pier 13 End 14.2 8.0 7.01 0.0

Table 3-5. Total and Dissolved Cu and Zn Concentrations in NBSD Stormwater Samples Collected
on March 7, 2016.

- 0 - - 0 -
Statior1|/§ample C?plg /-[;) ial Dis(;glved g?s?ocli/léd Z(n i /Totaal Disizwed gi‘lsfof/r:ad
(gl)a | (uglL)p sl (o) | (i)
Outfall 73 56.7 48.9 31.3 384 343 219.5
Pier 10 Influent 24.2 17.2 11.0 220 162 103.7
Pier 10 Effluent 25.1 15.0 9.6 230 145 92.8
Pier 13 Base 21.0 0.23 0.1 350 34 21.8
Pier 13 Mid 83.6 51.4 32.9 994 600 384.0
Pier 13 End 75.4 55.9 35.8 2361 2137 1367.7

2USEPA method 1640 (NIWC Pacific); ® Calculated concentration based on highest concentration tested (64%) for
sea urchin embryo-larval development tests due to the addition of hypersaline brine.



For the stormwater pulsed exposure study, the 3 hr and 6 hr pulsedrexgentsufor the sea urchin
embryclarval development test are not presented here. The data did not meet necessary requirements
for TST analysis due to several outliers that reduced requaphidation.A singlestatistical outlier
was observeth the12-hr data forone of the replicates the Pier 13 Mid sampl@1% normal
t est wi t.[Whisaeplsategvasireimoveda n c e

developmentysi ng Gr ubbds
from analysis.

Standard reference toxicant tests with copper that were conductedreotigwith the
stormwater evaluations for both species heatlian effective concentration (EfCvalueor median
lethal concentration (L£g) within two standard deviations of the internal historical mean, indicating
sensitivity to copper was consistent with that historically observetthése organismg &ble3-6).

Table 3-6. Results Summary for the Copper Reference Toxicant Tests
Concurrently Conducted with the NBSD Stormwater Samples Collected on

March 7, 2016.

Species & Endpoint

LCso or ECso

Historical mean = 2 SD

(Hg/L copper) (Hg/L copper)
Sea Urchin Embryo-Larval 18.0 18.6+ 94
Development
Mysid Shrimp Survival 253 259 + 146

2Reported values are based on nominal (unmeasured) concentrations.

3.2 COPPER EXPOSURES

For the chronic sea urchin embrigval development tests, all of the pulsed exposures with
copper showed a reductiontoxicity relative to the static exposure. Thesg@lues and the 95%
lower and upper confidence intervals for copper for the static and each pulsed exposure were
calculated based on verified concentrations and are sholgure 3-1.EGso values for the plsed
exposures were-80 times greater than that of the published static exposuigev/&lde reported for

this speciesHigure 3-1).

For the acute mysid survival tests, a similar trend was observed in that the pulsed exposures with
copper showed a reduati in toxicity relative to the static exposure withsk@alues all greater than
that observed (ranging from factor of 2 to 11) in the static expoBigneré¢ 3-2). The LG values
and the 95% lower and upper confidence intervals for copper for the static and each pulsed exposure

were calculated based on verified concentrations and are shéiguie 3-2.
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Sea Urchin Embryo-Larval Development Test
Median Effective (EC5,) Copper Concentrations

350 296

Factor of

difference from

Pulse Duration: 96 hr exposure:
3 20
6 15
12 8

96 (Static)*
Pulse Duration (hr)

Figure 3-1. Median effective concentrations (ECso, labeled at each bar) and 95% confidence
intervals for copper derived from the purple sea urchin embryo-larval development test. *96-hr
static data are from the mean Cu ECsp value of 14.8 pg/L from three peer-reviewed studies (see

section 3.1).
Mysid Shrimp Survival Test
Median Lethal (LC5,) Copper Concentrations
2500
1475 Factor of
T difference from
2000 Pulse D:ration: 96 hr e:ltlposure:
f‘ﬁ 6 6
2 1500 2 2
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pu |
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500 - 240
135
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Pulse Duration (hr)

Figure 3-2. Median lethal concentrations (LCso, labeled at each bar) and 95% confidence
intervals for copper derived from the mysid survival test.




3.3 ZINC EXPOSURES

The EGo values and the 95% lower and upper confidence intervals for zinc for the static and each
pulsed exposure were calculatesed on verified concentrations and are shoviaigure 3-3. For
the chronic sea urchin embrarval development tests, the pulsegasures with zinc showed a
reduction in toxicity relative to the static exposuressd@lues for the pulsed exposures weie-
186 timeggreater than that of the static exposuHigyre 3-3).

The LGso values and the 95% lower and upper confidence iakefer zinc for the static and each
pulsed exposure were calculatesed on verified concentrations and are shovigure 3-4. For
the acute mysid survival tests, a similar trend was observed in that the pulsed exposures with zinc
showed a reduction itoxicity relative to the static exposures withdg@alues all greater than that
observed from the 9Br static exposurd=gure 3-4).

Sea Urchin Embryo-Larval Development Test
Median Effective (ECso) Zinc Concentrations
35,000
27,120 27,140 Factor of
30.000 T difference from
! Pulse Duration: 96 hr exposure:
525,000 - : 186
& 16,330 12 112
=20,000 - T
{0 15,000 -
Q
=
N 10,000 -
5,000 -
146
0 = 1 1
3 6 12 96 (Static)
Pulse Duration (hr)

Figure 3-3. Median effective concentrations (ECso, labeled at each bar) and 95% confidence
intervals for zinc derived from the purple sea urchin embryo-larval development test.



Mysid Shrimp Survival Test
Median Lethal (LCg) Zinc Concentrations

16,000
'|' Factor of
14,000 difference from
Pulse Duration: 96 hr exposure:
12,000 3 20
) 6 8
= 10,000 12 4
=
3 8,000
Q
|
o 6,000
S
4,000
2,000
0

3 6 12 96 (Static)
Pulse Duration (hr)

Figure 3-4. Median lethal concentrations (LCso, labeled at each bar) and 95% confidence
intervals for zinc derived from the mysid survival test.

3.4 MIXED METALS EXPOSURES

The LGso values and the 95% lower and upper confidence intervals for the single metal static
exposures of copper and zinc were calculated and are shdwableB-7.

For the mixed metaxposures, the L{g values and associated 95% lower and upper confidence
intervals were calculated based on verified concentrations for each metal individually for the static
and each pulsed exposure and are shovagure 3-5. The mixed metals study @lws consistent
reduction in toxicity for both copper and zinc with shorter exposure periods as was seen with the
single metal exposures.

Figure 3-6 summarizes the result of the Toxic Unit (TU) calculations. To calculate the Toxic Unit
(TU), the LGo values determined for each metal in the mixture were divided by #sviallie
determined during the single metal tests. The resulting TUs for each metal were then summed to
generate a combined TU for the mixture. Since it was assumed that Cu and Zicovdriliite
equally to the total observed toxicity, a TU value greater than one indicates that a greater amount of
Cu and Zn, in combination, was needed to elicit a toxic effect relative to their equivalent single metal
exposuresHigure 3-6). The lower Tl$ observed for copper suggest that it was the primary toxicant
in these tests.



Table 3-7. Summary of Median Lethal (LCso) Copper and Zinc Concentrations for the Single
Metal Mysid Survival Test with Corresponding 95% Upper (UCL) and Lower Confidence Limits
(LCL).

Exposure LG 95 % LCL 95% UCL
Duration Metal
(hr) (hg/L) (g/L) (hg/L)
Cu 223 182 288
96 (Static)
Zn 689 575 825

Mixed Metal Mysid Shrimp Survival Test
Median Lethal (LC5o) Copper or Zinc Concentrations

LCsq (Copper or Zinc pg/L)

10000
m Copper mZinc
7410
8000
6000
4000
2000
106 573
0 , 1
3 6 12 96 (Static)

Pulse Duration (hr)

Figure 3-5. Median lethal concentrations (LCso, labeled at each bar) and 95% confidence
intervals for copper and zinc derived from the mysid survival test with mixed metals.




Mixed Metal Mysid Shrimp Survival Test
Toxic Units (TU) for Copper and Zinc

m Copper M Zinc 1.35

Toxic Units (TU)
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Figure 3-6. Toxic Units (TU) for copper and zinc derived from the mysid survival test with mixed

metals.




3.5 STORMWATER EXPOSURES

Statistical analysefer thesea urchin embrytarval development testgere performed against the
brine control, as brine was added to increase the salinity of all of the sampieticStatalyses
were conducted usinge TST method.

Table3-8 andFigure 3-7 summarize the mean percent normal emiyayeal development for the
12 hr pulsed exposure and the 96 hr static exposure for the stormwater samples collected on March 7,
2016. Development values ranged from 0 to 91% of control in the 96 hr static tebtzna®d to
97% in the 12 hr pulsed exposure tests. Five of the six samples were identified as toxic in the 96 hr
static exposure test, whereas no samples were identified as toxic in the 12 hr pulsed exposure test.

Table 3-8. Results Summary for Chronic Purple Sea Urchin Embryo-Larval Development Test on
NBSD Stormwater Samples Collected on March 7, 2016 for the 12 hr Pulsed Exposure and the 96
hr Static Exposure.

e
Pulse Duration . Mean % Normal ) lefergnce TST Procedure
Station/Sample ID from Brine - .
(hr) (x SD) Toxicity Decision
Control
- Lab Control 100 (0.0) - -
- Brine Control 99 (1.0) - -
Outfall 73 94 (2.5) 55 Non-Toxic
Pier 10 Influent 97 (1.9) 2.5 Non-Toxic
Pier 10 Effluent 97 (3.0) 2.0 Non-Toxic
12
Pier 13 Base 96 (3.0) 3.0 Non-Toxic
Pier 13 Mid 94 (1.7) 5.3 Non-Toxic
Pier 13 End 95 (2.5) 4.5 Non-Toxic
Outfall 73 0 (0.0) 100 Toxic
Pier 10 Influent 9.3(6.1) 89.4 Toxic
Pier 10 Effluent 11 (3.8) 90.7 Toxic
96 (Static)
Pier 13 Base 91 (3.0) 8.6 Non-Toxic
Pier 13 Mid 0 (0.0) 100 Toxic
Pier 13 End 0 (0.0) 100 Toxic




Sea Urchin Embryo-Larval Development Test
9 Stormwater Samples From March 7, 2016
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Figure 3-7. Mean percent normal (£SD) for chronic sea urchin embryo-larval development test on
stormwater samples collected from NBSD on March 7, 2016 for the 12 hr pulsed exposure and the
96 hr static exposure.

For the acute mysid survival testastical analyses were performed againststidecontrol, as
artificial sea salts weradded to inaase the salinity of all of the samples. Statisaoalyses were
conducted usinthe USEPATST Calculator Too(USEPA 2010)Table3-9 summarizes anBigure
3-8 graphically shows the mean percent survival for the 3, 6, and 12 hr pulsed exposure®énd the
hr static exposure for the stormwater samples collected on March 7, 2016. For the 96 hr static
exposure, the samples Pier 13 Mid and Pier 13 End resulted in a toxic response compared to the salt
control. All other samples were nooxic. Under the 12 hpulsed exposure method, the Pier 13 Mid
and Pier 13 End samples continue to exhibit a toxic response compared to the salt control, while all
other samples were ndaxic. For the 6 hr pulsed method, only the Pier 13 End sample continued to
have a toxic reponse. For the 3 hr pulsed method, all samples wertormnrelative to the salt
control.Figure3-9 shows the survival results for Pier 13 Mid and Pier 13 End with decreasing
toxicity with decreased exposure time.



Table 3-9. Results Summary for Acute Mysid Survival Test on NBSD Stormwater Samples Collected
on March 7, 2016 for the 3, 6, and 12 hr Pulsed Exposures, and the 96 hr Static Exposure.

Pulse Duration

Station/Sample ID

Mean % Survival

% Difference

TST Procedure

(hr) (= SD) from Salt Control Toxicity Decision
- Lab Control 100 (0.0) - -
- Salt Control 95 (10.0) - -
Outfall 73 95 (10.0) 0.0 Non-Toxic
Pier 10 Influent 90 (11.5) 5.3 Non-Toxic
Pier 10 Effluent 100 (0.0) -5.3 Non-Toxic
3 Pier 13 Base 95 (10.0) 0.0 Non-Toxic
Pier 13 Mid 95 (10.0) 0.0 Non-Toxic
Pier 13 End 90 (11.5) 5.3 Non-Toxic
Outfall 73 95 (10.0) 0.0 Non-Toxic
Pier 10 Influent 100 (0.0) -5.3 Non-Toxic
Pier 10 Effluent 95 (10.0) 0.0 Non-Toxic
° Pier 13 Base 100 (0.0) -5.3 Non-Toxic
Pier 13 Mid 90 (11.5) 5.3 Non-Toxic
Pier 13 End 65 (19.1) 31.6 Toxic
Outfall 73 100 (0.0) -5.3 Non-Toxic
Pier 10 Influent 90 (11.5) 5.3 Non-Toxic
Pier 10 Effluent 90 (11.5) 5.3 Non-Toxic
2 Pier 13 Base 100 (0.0) -5.3 Non-Toxic
Pier 13 Mid 75 (10.0) 211 Toxic
Pier 13 End 55 (25.2) 42.1 Toxic
Outfall 73 90 (11.5) 5.3 Non-Toxic
Pier 10 Influent 90 (10.0) 5.3 Non-Toxic
Pier 10 Effluent 95 (10.0) 0.0 Non-Toxic
96 (Static)
Pier 13 Base 100 (0.0) -5.3 Non-Toxic
Pier 13 Mid 75 (10.0) 211 Toxic
Pier 13 End 25 (25.2) 73.7 Toxic




Mean Mysid Survival
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Figure 3-8. Mean percent survival for acute mysid test on stormwater samples collected from
NBSD on March 7, 2016 for the 3, 6, and 12 hr pulsed exposures and the 96 hr static exposure.
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Figure 3-9. Mean percent survival for acute mysid test on stormwater samples Pier 13 Mid and
Pier 13 End collected from NBSD on March 7, 2016 for the 3, 6, and 12 hr pulsed exposures and
the 96 hr static exposure.
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4. DISCUSSION AND CONCLUSIONS

The results of this study showed that modifying standard WET test methods is a feasible approach
to accurately asseshortterm exposure conditions. The tests, which were conducted over a range of
realistic conditions for both chronic and acute toxicity endpoints, presented consistent results lending
confidence in their application. All the tests displayed a signifipesgressive reduction in toxicity
with decreasing exposure time. The toxicity determined with standard 96 hr static tests overestimated
the toxicity of shorterm exposures by a factor of between 2 and 186, depending on the exposure
duration, toxicant, @d endpoint evaluated.

The higher effects concentrations from the siemn pulsed testing showed that the test organisms
are relatively protected over shorter exposure intervals. This enhanced level of protection was
observed in the sea urchin embigoval development test results, whereby even exceptionally high
levels of zinc did not cause toxic effects in short term exposures. This outcome is consistent with
other studies that found that the fertilization membrane may provide a level of protecimntder
earliest developmental life stages of the organism (Buznikov et al. 2007; AMEC, 2015). The
implication is that exposure duration is as critical a testing condition as the exposure concentration
when evaluating toxicity. It also suggests that furtesting at various developmental life stages is
important in evaluating the efficpof the pulsed exposure method.

The laboratory pulsed testing procedures were conducted under conditions that reflected realistic
stormwater conditions found at the eofdpipe at San Diego Navy facilities. It included a range in
the stormwater runoff durations expected as well as the type and magnitude of the toxicant
concentrations. The observed level of toxicity in both laboratory and stormwater samples were
consistentnd repeatable with comparable results to other pulsed exposure studies with different
toxicants and pulse durations (Dupuis &ndutzberge2003, Butcher et al. 2006, Diamond et al.
2006, Hoang et al 2007dpang et al. 2007b, Hoang 2007c, AMEC, 201%)e §imple modification
of the standard WET procedure provides a reasonable logistical change that could easily be
implemented in future testing.

Although the test procedures focused on exposure conditions likely to occur at-thfepge]
those conditios are still conservative in comparison to actual exposures that occur once the
stormwater is discharged to, and mixes with, receiving waters. This is corroborated by repeated
testing that consistently showed no adverse effects to similar toxicity testietscgnd near
background chemical concentrations when samples were collected from the receiving environment
immediately adjacent to stormveatoutfalls (Katz et al. 2006).

Though tkese initial result are highly promising, additional testing and evaluaten
recommended prior to implementation of a pulsed methodology for compliance testing, In particular,
additional testing should include:

Examining timing of the onset of the pulse during laboratory exposure
Consideration of the effects of repeated pulses
Evaluation of the most sensitive, not just earliest life stages of test organisms
Potential for latent effects following the standard exposure duration
Receiving water testing
Inter-laboratory comparisons
Comparison of costs of pulsed testing vs. statting

We believe that this methoamy can and should be implemented into stormwater testing
compliance monitoring once the above testing is completed and there is a sufficient level of
repetition to provide a statistical assessment.

=4 =8 =4 -8 -4 -9 -9
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A.1. COPPER EXPOSURES i PURPLE URCHIN:

CETIS Summary Report Report Date: 02 Jun-1616:08 (p 1 of 1)
Test Code: 73912D09 | 19-3889-4089

Echinoid Embryo-Larval Development Test SPAWAR Systems Center

Batch ID: 07-7568-4302 Test Type: Development-Survival Analyst: Jacob Munson-Decker
Start Date: 05 Nov-15 08:50 Protocol: EPA/600/R-95/136 (1995) Diluent: Laboratory Seawater
Ending Date: 09 Now-15 08:45 Species:  Strongylocentrotus purpuratus Brine: Not Applicable
Duration: 96h Source: Field Collected Age:
Sample 1D: 01-8242-6934 Code: ADF9D36 Client: SPAWAR
Sample Date: 05 Nov-15 10:00 Material: Copper sulfate Project: Pulsed Exposure
Receive Date: Source: Pulsed Exposure
Sample Age: NA Station: 3 Hour

Comparison Summary

Analysis ID Endpoint NOEL LOEL TOEL PMSD TU Method

02-9521-1706 Proportion Normal 179 367 256.3 21.3% Steel Many-One Rank Sum Test

Point Estimate Summary
Analysis ID Endpoint Level Mg/l 95% LCL 95% UCL TU Method

06-1064-8139 Proportion Normal EC50 295.9 2413 3347 Linear Regression {(MLE)

Proportion Normal Summary

C-ugiL Control Type Count Mean 95% LCL 95% UCL Min Max Std Err Std Dev  CV% % Effect
0 Lab Centrol 4 0.9375 0.8774 0.9976 0.9 0.99 0.01887 0.03775 4.03% 0.0%
15 4 0.9225 0.8807 0.9643 0.9 0.96 0.01315 0.0263 2.85% 1.6%
36 4 0.965 0.9374 0.9926 0.94 0.98 0.00866 0.01732 1.8% -2.93%
81 4 09175 0.8822 0.9528 0.89 0.94 0.01109  0.02217 2.42% 2.13%
179 4 0.8925 0.8245 0.9605 0.83 0.92 0.02136  0.04272 479% 4.8%
367 4 0.22 0 0.6893 0 0.63 0.1475 0.295 134.1%  76.53%

Proportion Normal Detail

C-ug/L Control Type Rep 1 Rep 2 Rep 3 Rep 4
0 Lab Control 0.93 0.99 0.9 0.93
15 0.96 091 0.92 09
36 0.97 097 0.98 0.94
81 0.89 091 0.94 0.93
179 0.92 0.83 0.9 0.92
367 0 0.01 0.63 0.24

Proportion Normal Binomials

C-pg/L Control Type Rep 1 Rep 2 Rep 3 Rep 4
0 Lab Control 93/100 99/100 901100 931100
15 96/100 91/100 921100 90/100
36 97/100 97/100 98/100 94/100
81 89/100 914100 941100 931100
178 92/100 83/100 80/100 92100
367 0/100 1100 63100 241100
000-010-187-1 CETIS™ v1.8.7.16 Analyst: QA:
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CETIS Analytical Report

Report Date:

Test Code:

02 Jun-1616:08 (p 1 of 2)
73912D09 | 19-3889-4089

Echinoid Embryo-Larval Development Test

SPAWAR Systems Center

Analysis ID:  02-9521-1706 Endpoint: Proportion Normal CETIS Version: CETISv1.8.7
Analyzed: 03 Feb-15 13:53 Analysis: Nonparametric-Control vs Treatments Official Results: Yes
Batch ID: 07-7568-4302 Test Type: Development-Survival Analyst: Jacob Munson-Decker
Start Date: 05 Nov-15 08:50 Protocol: EPA/600/R-95/136 (1995) Diluent: Laboratery Seawater
Ending Date: 09 Nov-15 08:45 Species:  Strongylocentrotus purpuratus Brine: Not Applicable
Duration: 96h Source: Field Collected Age:
Sample ID: 01-8242-6934 Code: ADF9D36 Client: SPAWAR
Sample Date: 05 Nov-15 10:00 Material: Copper sulfate Project: Pulsed Exposure
Receive Date: Source: Pulsed Exposure
Sample Age: NA Station: 3 Hour
Data Transform Zeta Alt Hyp  Trials Seed PMSD NOEL LOEL TOEL TU
Angular (Corrected) NA C>T NA NA 21.3% 179 367 256.3
Steel Many-One Rank Sum Test
Control vs C-ug/L Test Stat Critical Ties DF P-Value P-Type Decision{c:5%)
Lab Control 15 15.5 10 1 6 05438 Asymp Non-Significant Effect
36 22 10 0 6 0.9808 Asymp Non-Significant Effect
81 16 10 1 6 06105 Asymp Non-Significant Effect
179 12.5 10 1 6 0.1834 Asymp Non-Significant Effect
367° 10 10 0 6 0.0417 Asymp Significant Effect
Auxiliary Tests
Attribute Test Test Stat Critical P-Value Decision{a:5%)
Extreme Value Grubbs Extreme Value 3.37 2.802 0.0019 Outlier Detected
ANOVA Table
Source Sum Squares Mean Square DF F Stat P-Value Decision(a:5%)
Between 2.818988 0.5637977 5 18.38 <0.0001  Significant Effect
Error 0.5520169 0.0306676 18
Total 3.371005 23
Distributional Tests
Attribute Test Test Stat Critical P-Value Decision{a:1%)
Variances Bartlett Equality of Variance 25.34 15.09 0.0001 Unequal Variances
Distribution Shapiro-Wilk W Normality 0.8123 0.884 0.0005 Non-normal Distribution
Proportion Normal Summary
C-ug/L Control Type Count Mean 95% LCL 95% UCL Median Min Max Std Err CV% %Effect
0 Lab Control 4 0.9375 0.8774 0.9976 0.93 0.9 0.99 001887 4.03% 0.0%
15 4 0.9225 0.8807 0.9643 0.915 0.9 0.96 0.01315  2.85% 1.6%
36 4 0.965 0.9374 0.9926 0.97 0.94 0.98 0.00866 1.8% -2.93%
81 4 0.9175 0.8822 0.9528 0.92 0.89 0.94 0.01109  2.42% 2.13%
179 4 0.8925 0.8245 0.9605 0.91 0.83 0.92 002136  4.79% 4.8%
367 4 0.22 0 0.6893 0.125 (4] 0.63 0.1475 134.1% 76.53%
Angular (Corrected) Transformed Summary
Cg/L Control Type Count Mean 95% LCL 95% UCL Median Min Max Std Err CV% %Effect
0 Lab Control 4 1.331 1.178 1.485 1.303 1.249 1.471 0.04811  7.23% 0.0%
15 4 1.292 1.207 1.377 1.275 1.249 1.369 0.02673 4.14% 2.95%
36 4 1.386 1.315 1.458 1.397 1.323 1.429 0.02236  3.23% -4.13%
81 4 1.281 1.217 1.345 1.285 1.233 1.323 0.02006 3.13% 3.77%
179 4 1.241 1137 1.345 1.267 1.146 1.284 0.0327 527% 6.81%
367 4 0.3948 -0.2496 1.039 0.3061 0.05002 0.9169 0.2025 102.6% 70.35%
000-010-187-1 CETIS™ v1.8.7.16 Analyst: QA:
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CETIS Analytical Report

Report Date: 02 Jun-16 16:08 (p 2 of 2)
Test Code: 73912D09 | 19-3889-4089

Echinoid Embryo-Larval Development Test

SPAWAR Systems Center

Analysis ID:  02-9521-1706 Endpoint: Proportion Normal CETIS Version: CETISv1.8.7
| Analyzed: 03 Feb-15 13:53 Analysis: Nonparametric-Control vs Treatments Official Results: Yes
Proportion Normal Detail
C-pg/L Control Type Rep 1 Rep 2 Rep 3 Rep 4
0 Lab Control 0.93 0.99 0.9 0.93
15 0.96 091 0.92 0.9
36 0.97 0.97 0.98 0.94
81 0.89 0.91 0.94 0.93
179 0.92 0.83 0.9 0.92
367 0 0.01 0.63 0.24
Angular {Corrected) Transformed Detail
C-pg/L Control Type Rep 1 Rep 2 Rep 3 Rep 4
0 Lab Control 1.303 1.471 1.249 1.303
15 1.368 1.266 1.284 1.248
36 1.397 1.397 1.429 1.323
81 1.233 1.266 1.323 1.303
179 1.284 1.146 1.249 1.284
367 0.05002  0.1002 0.9169 0.512
Proportion Normal Binomials
C-ug/L Control Type Rep 1 Rep 2 Rep 3 Rep 4
0 Lab Control 93100 9981100 90100 93A100
15 96100 911100 921100 90100
36 97100 971100 98/100 94/100
81 89/100 91/100 94/100 93/100
179 92100 83100 90100 921100
367 0/100 1100 631100 241100
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CETIS Analytical Report Report Date: 02 Jun-16 16:08 (p 1 of 2)

Test Code: 73912D09 | 19-3889-4089

Echinoid Embryo-Larval Development Test SPAWAR Systems Center
Analysis ID:  06-1064-8139 Endpoint: Proportion Normal CETIS Version: CETISv1.8.7

Analyzed: 03 Feb-15 13:54 Analysis:  Linear Regression (MLE) Official Results: Yes

Batch ID: 07-7568-4302 Test Type: Development-Survival Analyst: Jacob Munson-Decker

Start Date: 05 Nov-15 08:50 Protocol: EPA/600/R-95/136 (1985) Diluent: Laboratory Seawater

Ending Date: 09 Nov-15 08:45 Species:  Strongylocentrotus purpuratus Brine: Not Applicable

Duration: 96h Source: Field Collected Age:

Sample |D: 01-8242-6934 Code: ADF9D36 Client: SPAWAR

Sample Date: 05 Nov-15 10:00 Material: Copper sulfate Project: Pulsed Exposure

Receive Date: Source: Pulsed Exposure

Sample Age: NA Station: 3 Hour

Linear Regression Options

Model Function Threshold Option Threshold Optimized Pooled Het Corr  Weighted

Log-Normal [NED=A+B* og(X)] Control Threshold 0.0625 Yes No Yes Yes

Regression Summary

Iters LL AlCc BIC Mu Sigma Adj R2 F Stat Critical P-Value Decision{o:5%)

7 -729.4 1466 1468 2.471 0.1296 0.8429 0.3041 3.16 0.8220 Non-Significant Lack of Fit
Point Estimates

Level pg/L 95% LCL 95% UCL

EC50 2959 241.3 3347

Regression Parameters

Parameter Estimate Std Error 95% LCL 95% UCL t Stat P-Value Decision(a:5%)

Threshold 0.06437 0.01803 0.02687 0.1019 3.569 0.0018 Significant Parameter

Slope 7.715 1.839 3.89 11.54 4.195 0.0004 Significant Parameter

Intercept -19.07 4.635 -28.7 -9.426 -4.113 0.0005 Significant Parameter

ANOVA Table

Source Sum Squares Mean Square DF F Stat P-Value Decision(a:5%)

Model 1083.259 1083.259 1 125.4 <0.0001  Significant

Lack of Fit 8.749746 2.916582 3 0.3041 0.8220 Non-Significant

Pure Error 172.6161 9.589781 18

Residual 181.3658 8.636467 21

Residual Analysis

Attribute Method Test Stat Critical P-Value Decision(o:5%)

Goodness-of-Fit Pearson Chi-Sq GOF 181.4 32.67 <0.0001 Significant Heterogenity

Likelihood Ratio GOF 200.5 32.67 <0.0001 Significant Heterogenity

Extreme Value Grubbs Extreme Value 3.525 2.802 0.0006 Outlier Detected

Variances Mod Levene Equality of Variance 3.152 2.773 0.0323 Unequal Variances

Distribution Shapiro-Wilk W Normality 0.8215 0.8169 0.0007 Non-normal Distribution

Anderson-Darling A2 Normality 1.478 2.492 0.0002 Non-normal Distribution

Proportion Normal Summary Calculated Variate{A/B)

C-giL Control Type Count Mean Min Max Std Err Std Dev  CV% %Effect A B
0 Lab Control 4 0.9375 0.9 0.99 0.01887 0.03775 4.03% 0.0% 375 400
15 4 0.9225 0.9 0.96 0.01315  0.0263 2.85% 1.6% 369 400
36 4 0.965 0.94 0.98 0.00866 0.01732 1.8% -2.93% 386 400
81 4 0.9175 0.89 0.94 0.01109 0.02217  2.42% 2.13% 367 400
179 4 0.8925 0.83 0.92 0.02136 0.04272 4.79% 4.8% 357 400
367 4 022 0 0.63 0.1475 0.295 1341%  7653% 88 400
000-010-187-1 CETIS™ v1.8.7.16 Analyst: QA:
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CETIS Analytical Report Report Date: 02 Jun-16 16:08 (p 2 of 2)

Test Code: 73912D09 | 19-3889-4089
Echinoid Embryo-Larval Development Test SPAWAR Systems Center
Analysis ID:  06-1064-8139 Endpoint: Proportion Normal CETIS Version: CETISv1.8.7
Analyzed: 03 Feb-15 13:54 Analysis:  Linear Regression (MLE) Official Results: Yes

Proportion Normal Detail

C-pg/L Control Type Rep 1 Rep 2 Rep 3 Rep 4

0 Lab Control 0.93 099 0.9 0.93
15 0.96 091 0.92 0.9

36 0.97 0.97 0.98 0.94
&1 0.89 0.81 0.94 0.93
178 0.92 0.83 0.9 0.92
367 0 0.01 0.63 0.24

Proportion Normal Binomials

C-pg/L Control Type Rep 1 Rep 2 Rep 3 Rep 4
0 Lab Control 93/100 99/100 90/100 93/100
15 96/100 91/100 92/100 90/100
36 97M00 97/100 98/100 94/100
81 89100 91/100 94/100 931100
179 92100 83/100 90/100 921100
367 0/100 1100 63/100 241100
Graphics Log-Normal [NED=A+B*log(X)]
W .
| N
H : [
! . o
2 e © e
r T
B | . . . . . )
Rankits
. IS 6 °
Pt N $
H : [
Loe : . N . i
] M L g
® [
a ,: ® ® . ° §
] : )
5 L L 1 L 1 L 1 I & L 1 L L L L L 1 L I
Cug/L Proportion Normal
000-010-187-1 CETIS™ v1.8.7.16 Analyst: QA:

A-6



CETIS Summary Report Report Date: 02 Jun-16 16:07 (p 1 of 1)

Test Code: 43447F24 | 11-2856-2468

Echinoid Embryo-Larval Development Test SPAWAR Systems Center
Batch ID: 07-7568-4302 Test Type: Development-Survival Analyst: Jacob Munson-Decker

Start Date: 05 Nov-15 08:50 Protocol: EPA/800/R-95/136 (1995) Diluent: Laboratory Seawater

Ending Date: 09 Nov-15 08:45 Species:  Strongylocentrotus purpuratus Brine: Not Applicable

Duration: 96h Source: Field Collected Age:

Sample ID: 11-1577-5855 Code: 4281636F Client: SPAWAR

Sample Date: 05 Nov-15 08:50 Material: Copper sulfate Project: Pulsed Exposure

Receive Date: Source: Pulsed Exposure

Sample Age: NA Station: 6 Hour

Comparison Summary

AnalysisID  Endpoint NOEL LOEL TOEL PMSD TU Method

14-9395-5559 Proportion Normal 36 81 54 6.96% Dunnett Multiple Comparison Test

Point Estimate Summary

Analysis ID Endpoint Level Hg/L 95% LCL 95% UCL TU Method

20-9663-9070 Proportion Normal EC50 223.8 2155 232.4 Trimmed Spearman-Karber

Proportion Normal Summary

Cg/L Control Type Count Mean 95% LCL 95% UCL Min Max Std Err Std Dev  CV% Y% Effect
0 Lab Control 4 0.9375 0.8774 0.9976 0.9 0.99 0.01887 0.03775 4.03% 0.0%
15 4 0.8975 0.8599 0.9351 0.88 0.93 0.01181  0.02363 2.63% 4.27%
36 4 091 0.865 0.955 0.89 0.95 0.01414 0.02828 3.11% 2.93%
81 4 0.8475 0.737 0.958 0.75 0.91 0.03473 0.06946 82% 9.6%
179 4 0.8225 0.7294 0.9156 0.76 0.89 0.02926 0.05852 7.12% 12.27%
367 4 o] 0 0 0 o] 0 0 100.0%
Proportion Normal Detail

C-ug/L Control Type Rep 1 Rep 2 Rep 3 Rep 4

0 Lab Control 0.93 0.99 0.9 0.93

15 0.88 0.9 0.93 0.88

36 0.91 0.89 0.95 0.89

81 0.85 0.75 0.91 0.88

179 0.79 0.85 0.76 0.89

367 0 0 0 0

Proportion Normal Binomials

C-pg/L Control Type Rep 1 Rep 2 Rep 3 Rep 4

0 Lab Control 93100 99100 90100 93100

15 88100 901100 93100 887100

36 91100 88/100 95100 89/100

81 85100 75100 91100 88/100

179 79M00 85100 76100 89/100

367 0/43 0/60 0/70 0/74
000-010-187-1 CETIS™ v1.8.7.16 Analyst: QA:
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CETIS Analytical Report Report Date: 02 Jun-16 16:07 (p 1 of 2)

Test Code: 43447F24 | 11-2856-2468
Echinoid Embryo-Larval Development Test SPAWAR Systems Center
Analysis ID:  14-9395-5559 Endpoint: Proportion Normal CETIS Version: CETISv1.8.7
Analyzed: 03 Feb-15 13:55 Analysis: Parametric-Control vs Treatments Official Results: Yes
Batch ID: 07-7568-4302 Test Type: Development-Survival Analyst: Jacob Munson-Decker
Start Date: 05 Nov-15 08:50 Protocol: EPA/600/R-95/136 (1995) Diluent: Laboratery Seawater
Ending Date: 09 Nov-15 08:45 Species:  Strongylocentrotus purpuratus Brine: Not Applicable
Duration: 96h Source: Field Collected Age:
Sample ID: 11-1577-5855 Code: 4281636F Client: SPAWAR
Sample Date: 05 Nov-15 08:50 Material: Copper sulfate Project: Pulsed Exposure
Receive Date: Source: Pulsed Exposure
Sample Age: NA Station: 6 Hour
Data Transform Zeta Alt Hyp  Trials Seed PMSD NOEL LOEL TOEL TU
Angular (Corrected) NA C>T NA NA 6.96% 36 81 54
Dunnett Multiple Comparison Test
Control vs C-ug/L Test Stat Critical MSD DF P-Value P-Type Decision{c:5%)
Lab Control 15 1.586 2.356 0126 6 0.1797 CDF Non-Significant Effect
36 1.163 2.356 0126 6 0.3177 CDF Non-Significant Effect
81* 2.907 2.356 0126 6 0.0177 CDF Significant Effect
179* 3.58 2.356 0.126 6 0.0047 CDF Significant Effect
Auxiliary Tests
Attribute Test Test Stat Critical P-Value Decision{a:5%)
Extreme Value Grubbs Extreme Value 2.07 2.708 0.5866 No Outliers Detected
ANOVA Table
Source Sum Squares Mean Square DF F Stat P-Value Decision{u:5%)
Between 0.09249733 0.02312433 4 4.038 0.0204 Significant Effect
Error 0.08580393 0.005726929 15
Total 0.1784013 19
Distributional Tests
Attribute Test Test Stat Critical P-Value Decision{a:1%)
Variances Bartlett Equality of Variance 2.597 13.28 0.6274 Equal Variances
Distribution Shapiro-Wilk W Normality 0.9679 0.866 0.7103 Normal Distribution
Proportion Normal Summary
C-ugiL Control Type Count Mean 95% LCL 95% UCL Median Min Max Std Err CV% %Effect
0 Lab Control 4 0.9375 0.8774 0.9976 0.93 0.9 0.99 001887  4.03% 0.0%
15 4 0.8975 0.8599 0.9351 0.89 0.88 0.93 0.01181  2.63% 4.27%
36 4 091 0.865 0.955 0.9 0.89 0.95 001414  311% 2.93%
81 4 0.8475 0.737 0.958 0.865 0.75 0.91 0.03473 8.2% 9.6%
179 4 0.8225 0.7294 0.9156 0.82 0.76 0.89 002926 7.12% 12.27%
367 4 o] 0 0 0 o] 0 0 100.0%
Angular {Corrected) Transformed Summary
C-ug/L Control Type Count Mean 95% LCL 95% UCL Median Min Max Std Err CV% %Effect
0 Lab Control 4 1.331 1.178 1.485 1.303 1.249 1.471 0.04811  7.23% 0.0%
15 4 1.247 1.182 1.311 1.233 1.217 1.303 0.02028  3.25% 6.38%
36 4 1.269 1.185 1.354 1.249 1.233 1.345 0.02655 4.18% 4.67%
81 4 1176 1.027 1.325 1.195 1.047 1.266 0.04691 7.98% 11.68%
179 4 1.14 1.015 1.264 1.134 1.059 1.233 0.03908 6.86% 14.38%
367 4 0.06472 0.05166 0.07777 0.0622 0.05816  0.07632 0.004103 12.68% 95.14%
000-010-187-1 CETIS™ v1.8.7.16 Analyst: QA:
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CETIS Analytical Report

Report Date:
Test Code:

02 Jun-16 16:07 (p 2 of 2)
43447F24 | 11-2856-2468

Echinoid Embryo-Larval Development Test

SPAWAR Systems Center

Proportion Nermal

R ol

™

Contered
Com. Angle

Analysis ID:  14-9395-5559 Endpoint: Proportion Normal CETIS Version: CETISv1.8.7
Analyzed: 03 Feb-15 13:55 Analysis: Parametric-Control vs Treatments Official Results: Yes
Proportion Normal Detail
C-pg/L Control Type Rep 1 Rep 2 Rep 3 Rep 4
0 Lab Control 0.93 0.99 0.9 0.93
15 0.88 09 0.93 0.88
36 0.91 0.89 0.95 0.89
81 0.85 0.75 0.91 0.88
179 0.79 0.85 0.76 0.89
367 0 o] 0 0
Angular {Corrected) Transformed Detail
C-pg/L Control Type Rep 1 Rep 2 Rep 3 Rep 4
0 Lab Control 1.303 1.471 1.249 1.303
15 1.217 1.248 1.303 1.217
36 1.266 1.233 1.345 1.233
81 1.173 1.047 1.266 1.217
179 1.095 1173 1.059 1.233
367 0.07632 0.06459  0.0598 0.05816
Proportion Normal Binomials
C-ug/L Control Type Rep 1 Rep 2 Rep 3 Rep 4
0 Lab Control 93100 9981100 90100 93A100
15 88100 90100 93100 88/100
36 91100 89/100 951100 89/100
81 85/100 75100 914100 88/100
179 79M00 85100 761100 891100
367 0/43 0/60 0/70 0/74
Graphics
N~ . .

N\

#

cua/L Rankits

000-010-187-1

CETIS™ v1.8.7.16

A-9

Analyst: QA:




CETIS Analytical Report

Report Date:
Test Code:

02 Jun-16 16:07 (p 1 of 2)
43447F24 | 11-2856-2468

Echinoid Embryo-Larval Development Test

SPAWAR Systems Center

Analysis ID:  20-9663-9070 Endpoint: Proportion Normal CETIS Version: CETISv1.8.7

Analyzed: 03 Feb-15 13:55 Analysis: Trimmed Spearman-Kérber Official Results: Yes

Batch ID: 07-7568-4302 Test Type: Development-Survival Analyst: Jacob Munson-Decker

Start Date: 05 Nov-15 08:50 Protocol: EPA/600/R-95/136 (1985) Diluent: Laboratory Seawater

Ending Date: 09 Nov-15 08:45 Species:  Strongylocentrotus purpuratus Brine: Not Applicable

Duration: 96h Source: Field Collected Age:

Sample ID: 11-1577-5855 Code: 4281636F Client: SPAWAR

Sample Date: 05 Nov-15 08:50 Material: Copper sulfate Project: Pulsed Exposure

Receive Date: Source: Pulsed Exposure

Sample Age: NA Station: 6 Hour

Trimmed Spearman-Kéarber Estimates

Threshold Option Threshold Trim Mu Sigma EC50 95% LCL 95% UCL

Control Threshold 0.0625 3.60% 2.35 0.008201 223.8 215.5 232.4

Residual Analysis

Attribute Method Test Stat Critical P-Value Decision(o:5%)

Extreme Value Grubbs Extreme Value 2.275 2.802 0.3938 No Outliers Detected

Proportion Normal Summary Calculated Variate(A/B)

C-giL Control Type Count Mean Min Max Std Err Std Dev  CV% %Effect A B
0 Lab Control 4 0.9375 09 0.99 0.01887 0.03775 4.03% 0.0% 375 400
15 4 0.8975 0.88 0.93 0.01181 0.02363 2.63% 4.27% 359 400
36 4 0.91 0.89 0.95 0.01414 002828 3.11% 2.93% 364 400
81 4 0.8475 0.75 0.91 0.03473 0.06946 8.2% 9.6% 339 400
179 4 0.8225 0.76 0.89 0.02926 005852 7.12% 1227% 329 400
367 4 0 0 0 0 0 100.0% O 247
Proportion Normal Detail

C-ug/L Control Type Rep 1 Rep 2 Rep 3 Rep 4

0 Lab Control 0.93 0.99 0.9 0.93

15 0.88 0.9 0.93 0.88

36 0.91 0.89 0.95 0.89

81 0.85 0.75 0.91 0.88

179 0.79 0.85 0.76 0.89

367 0 0 0 0

Proportion Normal Binomials

C-ug/L Control Type  Rep 1 Rep 2 Rep 3 Rep 4

0 Lab Control 93/100 99/100 90/100 937100

15 88/100 90/100 93/100 88/100

36 911100 89/100 95/100 89/100

81 85/100 75/100 91/100 88/100

179 79/100 85/100 76/100 89/100

367 0/43 0/60 0/70 0774
000-010-187-1 CETIS™ v1.8.7.16 Analyst: QA:
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CETIS Analytical Report Report Date: 02 Jun-16 16:07 (p 2 of 2)
Test Code: 43447F24 | 11-2856-2468

SPAWAR Systems Center

Echinoid Embryo-Larval Development Test

Analysis ID:  20-9663-9070 Endpoint: Proportion Normal CETIS Version: CETISv1.8.7
Analyzed: 03 Feb-15 13:55 Analysis: Trimmed Spearman-Kérber Official Results: Yes

Graphics

Proportion Normal

CETIS™ v1.8.7.16 Analyst: QA:

000-010-187-1
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